Power operations for secure performance are investigated using non-linear algorithm. The object of the simulation is to find the safe operation with safeguard for the life-extension of the operations. The network effect of the game theory is used for the quantification which is incorporated with the Monte-Carlo method. The characteristics of the nuclear power plants (NPPs) are analyzed by the designed occurrence value as the refueling factor (RF) and the safeguard measures factor (SMF) which are used for the basic element. The random sampling for the event frequency is used by the characteristics of network effect method like the zero-sum quantification, because it is impossible to expect the time of terror incident exactly. Three kinds of considerations are basic elements as the nuclear fuel, system, and safeguard properties which are organized as an aspect of safeguard considerations. The maximum value of secure operation is the 13.0 in 14 th month and the minimum value is 1.0 in several months during 10 years. Hence, the stability of the secure power operation increases 13 times higher than the lowest value in this study. The conclusions give that the secure operation is changeable in the designed NPPs.
INTRODUCTION
It is important to keep the secure operation for safe production of electricity in the nuclear power plants (NPPs) . The life-extension has been performed in several countries in order to save the construction costs of NPPs. Figure 1 shows ageing management of NPPs (IAEA, 2009 ). This means that coordinating, integrating and modifying existing programs and activities are related to managing the ageing of a structure or component and developing new programs. The system of plant, however, could be vulnerable to be attacked by sabotage or terror due to the aged system. The event of terror like cases will be occurred without any notices, event though any information of the incident could be caught by the government agency. So, the frequencies of terror incident are counted as the possibility using random number generation. The safeguards mean analysis of the regulations. For the modeling, analytic and dynamic method is performed. Figure 2 is the overview of modeling for the configuration of safe power operation. The dynamic method is done by the quantities of the dynamical scenarios. Safeguard monitoring is the strategy modeling of diversion. The strategy modeling of diversion is based on the report of IAEA (IAEA, 1999) . Safeguards configuration in nuclear fuel cycle is in Figure 3 . The steps of concealments are related to Safeguard Measures in Figure 4 . Figure 5 shows the binary quantification of refueling where the refueling period is considered as the bad secure time. The life-extension has been performed in Kori Unit #1 of Republic of Korea after the lifetime expiration, where the first Korean reactor started in 1978. The list of the plants is seen in Table 1 ( KHNP, 2009) . The duration of life-extension is 10 years. Newly planned NPPs are in Table 2 (KHNP, 2009 ). The optimized power reactor (OPR) has 1,000 MW e and the advanced power reactor (APR) has 1,400 MW e . There are several factors for the safety that could be concerned for the components such as pipes, valves, pumps, heat exchangers, electrical transformers and generators, because the change of the stream and water flow is produced for the life-extension. The Nuclear Regulatory Commission (NRC) approval is required for any changes to facility operating licenses or technical specifications which are governed by Title 10 of the Code of Federal Regulations, Part 50. The nuclear safeguards have been studied in the literatures. M. Hiroshi modeled assurance-degree of non-manufacture of nuclear explosive devices using simple logic tree and fuzzy linguistic variables (Matsuoka et al., 2002) . The topic of this work was the low enrichment uranium and spent fuel. There, however, is a limitation to treat the terror possibility following the uranium concentration rate. Additionally, Rothschild suggested the dual safeguard systems (Rothschild, 2007) . It is expanded as a dual safeguard systems using Monte-Carlo algorithm by the exact evaluation of a single safeguard system. Using time step, the dynamical simulation is performed. Tagami made a modeling of safeguard for N-fold multiple barriers with a simple formula (Tagami, 1966) , where the fission products release is focused as radioactive diffusion equations of exponential function. Operating NPPs were applied to this modeling. The section 2 shows several factors for modeling. The dynamical method for the modeling is given in the section 3. The section 4 is the results of the study. There are some conclusions in the section 5.
MODELING FACTORS 2.1. Safeguard Measures Factor (SMF)
The meaning of safeguards has been initially analyzed by the regulations. The safeguard regulations had begun in the late 1950s and the 1960s, when some nations started to trade in nuclear plants and fuel. It is the purpose not to go the supply of nuclear bombs. A growing perception was the another phase that, 'pending nuclear disarmament, world security is better served with fewer rather than more nuclear weapons and nuclear weapon states' (IAEA, 2004) . There is a way to maintain the safeguard that it is to apply safeguards to the states that had not taken nuclear weapons. There are some reports of the flows of nuclear fuels for the general configuration of safeguards (IAEA, 1980; 1981) . Safeguard monitoring shows the strategy modeling of diversion. There is the strategy modeling of diversion which is also based on the report of IAEA (IAEA, 1999) . The steps of concealments of dummy substitutions are related to Safeguard Measures in Figure 4 . This is quantified as Safeguard Measures Factor (SMF). The Safeguard Measures are composed of Core Discharge Monitoring (CDM) and Non-Destructive Assay (NDA).
Refueling Factor (RF)
It is focused on the period of the refueling for NPPs in the aspect of the safeguard. The security of plant could be considered in trouble, because there are unexpected fuel losses. Therefore, this period is estimated as the operation uncertainty. The refueling period is assumed as 18 months. This is quantized as a value '1' during one month refueling period in every 18 months which is in Figure 5 . This value is converted as the '0' for the Refueling Factor (RF). So, the random sampling is done as 0.0 in the calculation of Power Production. The meaning is the possibility of the successful operation is very bad when the refueling is performed, because there is a possibility of fuel stealing and the other false-uses. So, the effect of this value to the operation success is going to be worse. 
DYNAMICAL METHOD 3.1. Network effect
A network effect is imported for the simulation algorithm where the effect for one user of a good or service has on the product values to other people as a usage of non-linear algorithm. Network effects arise when a user wants compatibility with other users so that one can interact or trade with them, or use the same complements; this creates economies of scope between different users' purchases (Amstrong and Porter, 2007) . Hence, the value of a product increases as more people use it in the case of network effect. There is an example as the telephone connections. As more people have telephones, more valuable the telephone is to each owner. This creates a positive externality, because a user may purchase their phone without intending to create value for other users. How to connect each other should be reasonable. The quantification of the value is done by the Monte-Carlo method, which can be performed in the prediction for the mutual event scenario like the telephone connection. For the quantification, a random number sampling is used for the value of the designed event which is used in the modeling of this paper. Network effect is a kind of game theory. This is expressed by the matrix form which is in Table 3 . It is possible to apply to an example in the aspect of safeguard. There are 2 cases for A and B. This is made as elements for secure and non-secure of A and B. Therefore, 4 cases are obtained. The summations or subtractions of each element are calculated. Especially, the value of matrix is zero for the zero-sum game (Samuel, 2004) . A cooperative game is defined for the group players for another kind of game theory (Bilbao, 2000) . Hence, if one choose a pair (N, f) where N is the set of players. It is shown that the characteristic function is in (3.1) and (3.2).
Historically, network effects were a central theme in the arguments of T. Vail, the first post patent president of Bell Telephone, in gaining a monopoly on US telephone services which is in Figure 6 , where the dotted lines are possible connections and the lines are the connections of the example modeling for Table 3 . There were many local and regional telephone exchanges, most of which were eventually merged into the Bell System in 1908. The economics of network effects were reported by N.Lytkins in 1917. Network effects were more recently popularized by R.Metcalfe (Forbes, 2007) , who insisted that customers needed Ethernet cards to grow above a certain critical mass if they were to reap the benefits of their network in selling the product. It is shown that the cost of cards was directly proportional to the number of cards installed, but the value of the network was proportional to the square of the number of users. So, this can be expressed mathematically as having a cost of N, and a value of N 2 . 
Network Effect by Telephone
Namely, the connections in a network of a number of nodes N can be written mathematically as the triangular number of N(N -1)/2. Using this equation, this is proportional to N 2 asymptotically. R.Beckstrom presented a mathematical model for describing networks that are in a state of positive network effect at BlackHat and Defcon in 2009 and also presented the inverse network effect with an economic model for defining it (Forbes, 2009) . It is known that J.Schachter made an online system in which he said that even if no other user joined, it would still be valuable to him (Schachter, 2006) .
Calculation of modeling
There are the major 3 sub-models for the life-extension of NPPs in Figure 7 where 3 key issues of Nuclear Fuel Matters, System Matters, and Safeguard Matters are combined. The Nuclear Fuel Matters means the nuclear fuel analysis for the lifeextension where energy and dynamics of neutrons are quantified. That is to say, the Nuclear Fuel is a most important factor to extend the lifetime of NPPs, because the nuclear energy is produced by fuel behavior. Hence, the Nuclear Fuel Matters has Fuel Temperature, Fuel Uncertainty, Power Production, and Rod Stability. These factors are important elements of the kinetic energy of neutron. Each factor is quantified as the Monte-Carlo simulation of random sampling in Table 4 . For example, in case of Fuel Temperature, when the random value is lower than 0.3, the value is 0 and, in the other case, it is 1. The value, 0.3, is decided by the manager's judgment. The chance # is generated by the subtraction of non-secure random number from secure random number, which is the characteristics of analogy as the summation or subtraction in the zero-sum method of the game theory or network effect. There are secure and nonsecure random numbers in Figure 8 . The secure random number distributions are narrower of 1 σ comparing to the non-secure random number of 2 σ, because there is more uncertainty in non-secure situation. Fuel Uncertainty gives another meaning of uncertain fuel condition except the fuel operations like the handling in the site. Rod Stability means how the secure operation is affected by the fuel rod stability which could be related to the accident analysis like the fuel rupture and melting. In cases of Power Production, when the random value is lower than Refueling Factor (RF), the value is 0 and, in the other case, it is 1. Therefore, the random number is 0.0 when the refueling is done. This means the situation of secure operation is very bad. So, the Power Productions means how the safe operation is affected by the refueling period.
As System Matters, it means coolant behavior analysis where the kinetic energy of neutrons is transferred to the heat energy of coolant in the designed systems. Hence, this coolant makes turbine move to generate the electricity. The System Matters have 4 factors of Coolant Temperature, Coolant Pressure, Residual Heat Removal, and Boiling Capabilities. These factors are important elements of the heat energy of coolant. Each factor is quantified as the Monte-Carlo simulation of random sampling in Table 4 . Namely, in case of Coolant Temperature, when the chance # value is lower than 0.3, the value is 0 and, in the other case, it is 2. This '0.3' is obtained by the operator's judgment. For Coolant Temperature, Coolant Pressure, Residual Heat Removal, and Boiling Capabilities, how the safe operation is affected by coolant stability, reactor stability, emergency cooling, and severe accident, respectively. Lastly, there is the safeguard aspect of modeling, which has 4 factors of Safeguard Monitoring, Structure Stability, Carrying Accidents, and Operator Errors. Especially, the Safeguard Monitoring is quantified by the Safeguard Measures Factor (SMF) in analytics method in this paper. The random number is generated as a uniform between 0 and 1. That is to say, in case of Fuel Rod Removal from New Fuel Storage, when the random value is lower than 0.9, the value is 0 and, in the other case, it is 1. Each factor in Figure 4 is quantified as the Monte-Carlo simulation of random sampling by Table 5 . Namely, the random number is quantified as Table 5 . Then, the multiplication of all elements is done in Concealment. After this, this value is used as Safeguard Measures Factor (SMF) in Table 5 . Then, other cases are done like above methods. Namely, in case of Structure Stability, when the chance # is lower than 0.8, the value is 0 and, in the other case, it is 1. For Structure Stability, Carrying Accidents, and Operator Errors, how the safe operation is affected by reactor building, fuel carrying accident, and human errors, respectively. 
RESULTS
There are some results in Figure 9 which shows the event networks of Safe Operation in NPPs. There is the summary of connections in Figure 7 . There are 4 graphs for the simulation results in Figure 9 which is made by the Vensim code system. Figure 9(a) shows Quantification of Nuclear Fuel Matters, where the higher values are 4.0 for the securest value. Figure 9(b) is Quantification of System Matters, where the higher values are 5.0 for the securest value. Quantification of Safeguard Matters is in Figure  9 (c), where the higher values are 4.0 for the securest value. Figure 9(d) is Safe Operation where the value is changed as oscillation. So, the risk for the Safeguard Matters is much more unstable considering the oscillation, which is obtained by the summation of Nuclear Fuel Matters, and System Matters, Safeguard Matters as time interval of a month. The maximum value of Figure 9(d) is 13.0 in 14 th month and the minimum value is 1.0 in 18 th , 36 th , 42 nd , 46 th , 54 th , 74 th , 90 th , 106 th , and 108 th months. This shows the situation of the Safe Operation. So, the successfulness of the power uprates increases 13 times higher than the lowest value. 
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CONCLUSIONS
The dynamical operation of NPPs has been investigated in the aspect of the safeguard standard. The basic events are constructed by the random numbers. Since it is impossible to predict the terror like incident, it is reasonable to make the random number generations for the quantification. The game theory is used for the networking between the secure and non-secure situations. The critical points of the simulations are the Nuclear Fuel Matters and System Matters in the modeling. Safeguard Matters is also quantified for the simulations. There are some conclusions as follows:
• Life-extension is a main factor for the dynamical safe operation in the aspect of the safeguard. •
The network effect of game theory is expressed adequately for the lifeextension. • Nuclear fuel and system are reasonable relations for quantifications. • Non-linear complex decision-making is used for the management algorithm of the dynamics. •
The risk management for Safeguard Matters is analyzed for the network effect algorithm. The further study could be suggested. Using the event flows in natural accidents, the risk quantification could be expressed. For the earthquake or traffic accident, the dynamical assessment can be performed using the game theory, if the incidents are related to the 2 opposite characteristics like the secure and non-secure matters. By some non-linear algorithm like the fuzzy set theory, the human error could be considered in the security assessment. In addition, the combined algorithm with the game theory could be another method for the simulation.
